We studied the infants in a quiet, partially darkened room in the intensive care nürsery between 11 a.m. and 4 p.m., beginning 1-2 hours after a regulär feeding, and maintained rectal temperature, measured continuously, between 36-37° C by a servocontrolled overhead radiant heater. After cannulating a branch of the superficial temporal artery by our Standard method [17] , we filled the indwelling needle with a solution containing 20 U heparin/ml normal saline and were able to obtain samples without altering the infants sleep state. We then placed silver-silver chloride or gold plated, disctypeelectrodeson each of the frontal, parietal, [9] to detect correlations between blood gases, respiratory pauses and other clinical data.
Results
Pa0 2 was lower during active than during quiet sleep in 10 of the 12 infants studied, in one Pa0 2 rose, and in one there was no change (Tab. II). The median difference was 2 torr (P < .01) with a ränge from +3 to -10 torr. A quiet to active sleep difference inPa0 2 of more than 1.5 torr correlated significantly with longer respiratory pauses during active sleep and during the entire study independent of sleep state (P = .002) by FISHER'S exact test. There was no significant correlation of the change inPa0 2 from active to quiet sleep with birth weight or gestational age, weight, postconceptional, or postnatal age at study, PaCO z , or with a history of respiratory distress syndrome, hydrocephalus secondary to intracranial hemorrhage, or recurrent apneic episodes necessitating Stimulation. The difference in PaCO 2 between quiet and active sleep was +3 to -3 torr which was not significant. The arterial pH was higher during active than quiet sleep in 10 of 12 subjects (Tab. II) with a median difference of .01 pH units (P < .01), but there was no significant relation of sleep state pH differences to postnatal, postconceptional or gestational age or PaC0 2 .
In the seven studies in which arterial blood was obtained twice during a single period of active sleep, the mean rate of fall of Pa0 2 was 0. Each pO 2 and pCO 2 value represents an average of 1-3 determinations. These patients had no respiratory pauses of 2 seconds or more during quiet sleep.
and time of sampling in quiet and active sleep were 8.4 minutes (SD 7.3) and 11.4 minutes (SD 6.5), respectively, (P > 0.2). The average rate of change of Pa0 2 during the total sleep study, independent of sleep state, was an increase of 1.2 torr/hour (SD 4.2). The mean frequency and duration of respiratory pauses of two seconds or longer, during active and quiet sleep are listed in Tab. II. These respiratory pauses were more frequent in active than in quiet sleep (P < .005). Infants of eight weeks postnatal age or less, or of 38 weeks postconceptional age or less had significantly more respiratory pauses than older infants (P < .025). There was no significant correlation between respiratory pauses andPaCO 2 , gestational age, birthweight, or current or past illnesses.
Discussion
This study provides data on sleep state, respiratory pauses and arterial blood gases and pH from undisturbed, sleeping newborn and young infants. We studied a select group of subjects, most of whom were bornprematurely and had chronic lung disease, and therefore the results are not necessarily applicable to normal infants. The median PaO 2 decrease of 2 torr between quiet and active sleep was probably of little physiological significance in these infants. AU Pa0 2 values obtained during active sleep were above 45 torr, a level which would be unlikely to cause central depression of respiration. We feel this change in oxygenation is probably due to sleep state itself since such other determinants of respiratory pattern s temperature and fexternal Stimuli were constant throughout our study. Inalarger study group these small sleep state differences in Pa0 2 might not be statistically significant. However, two of the infants in this study had differences of 10 torr, indicating the potential for a physiologically significant fall in Pa0 2 during active sleep in some infants.
Since the measurement of pH is more precise than that of PaCO 2 (coefficients of Variation are .014 percent and 2.14 percent respectively in our laboratory), the relative alkalemia found during active sleep could be due to slight alveolar hyperventilation which is not reflected in the less precise PaC0 2 measurement. Therefore, we interpret our data to indicate that during active sleep these infants either had no change or an increase in alveolar Ventilation and that the drop in oxygen tension was not caused by hypoventilation. Others have also found evidence of increased alveolar Ventilation during REM sleep [3, 4] . The most likely explanation for the increased hypoxemia of active sleep is a change in the distribution of Ventilation during active sleep. KNILL et al. [13] have documented greater rib cage distortion during active sleep, and they have suggested that this may cause local Variation in pleural pressure, thereby contributing to inequalities in regional Ventilation. The increase in oxygen consumption in· active sleep [18] might also contribute to the lower PaO 2 at that time.
The greater incidence of respiratory pauses in active sleep has been reported by others [3, 4, 6, 7, 10, 11, 12, 20] . These pauses might promote intermittent microatelectasis with loss of lung volume [14] and increased intrapulmonary venous admixture. Our finding of a significant (p = .002) correlation between longer mean respiratory pauses and a greater quiet to active sleep fall in Pa0 2 is consistent with a loss of lung volume äs part of the mechanism causing the relative hypoxemia of active sleep.
Summary
We studied the relationship between sleep state, and arterial blood gases and pH, in 12 newborn and young infants (Tab. I), 11 of whom had mild chronic lung disease, in order to determine whether significant arterial hypoxemia occurred during active sleep. Such hypoxemia, were it to occur, could theoretically cause central depression or instability of the effective Output of the respiratory center, and thus might explain the irregulär respiratory patterns and prolonged apnea which may be seen during active sleep. All the subjects were less than 44 weeks postconceptional age, 9 wereborn prematurely, and 11 had a sleeping arterial oxygen tension (PaC>2) while breathing room air of less than 80 torr at the time of study. We classified sleep state äs active or quiet by observing the infant's body movements, electroencephalogram, electrooculogram and electromyogram (Fig. 1) . Respiratory pattern was obtained from a temperature sensitive probe placed at the external nares. When infants were in active or quiet sleep (Fig. 2) we drew blood samples from an indwelling cannula in a superficial temporal artery which did not appear to disturb them. During active sleep, median PaO 2 was 2 torr lower (P < .01), pH 0.01 higher (P < .05), and respiratory pauses more frequent (P < .005) than during quiet sleep (Tab. II). Greater sleep PaO 2 differences were seen in infants with longer respiratory pauses. Arterial carbon dioxide tension was not affected by sleep state, nor was it related to the frequency or duration of respiratory pauses. We suggest that the fall in PaO 2 associated with active sleep is most likely a reflection of altered distribution of Ventilation caused by greater ehest wall instability and by loss of lung volume with resultant increased venous admixture during the more frequent respiratory pauses during active äs compared to quiet sleep. The median PaO 2 decrease of 2 torr between quiet and active sleep is small and is probably of little physiological significance in this group of subjects. Since all PaO 2 values obtained during active sleep were above 45 torr, we doubt that these subjects are at risk of central hypoxic depression of respiratory drive during active sleep. Since we studied a select group of subjects, most of whom were prematurely born and had mild chronic lung disease, our resülts are not necessarily applicable to normal infants.
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Zusammenfassung r* Â rterielle Blutgas-und pH-Werte während des Schlaf Status bei menschlichen Neugeborenen und jungen Säuglingen. Untersucht wurde der Zusammenhang zwischen Schlafstatus und arteriellen Blutgas-bzw. pH-Werten bei 12 Neugeborenen und jungen Säuglingen (Tab. I), von denen 11 eine leichte chronische Lungendysfunktion aufwiesen. Es galt zu bestimmen, ob es während der "aktiven" Schlafphase zu einer signifikanten arteriellen Hypoxämie kommt. Falls eine solche Hypoxämie auftreten würde, könnte diese theoretisch die Ursache für einen Rückgang oder eine Instabilität der effektiven Leistung des Atemzentrums darstellen, und dies könnte wiederum unregelmäßige Atmungskurven sowie die länger andauernden Apnoen erklären, wie sie während des aktiven Schlafs gefunden werden. Das postkonzeptionelle Alter aller untersuchten Kinder war niedriger als 44 Wochen; 9 wurden als prä-matur eingestuft, und bei 11 der 12 untersuchten Kinder betrug der arterielle O 2 -Partialdruck (pO 2 ) bei Einatmung von Zimmerluft im Schlafstatus weniger als 80 Torr. Für die Klassifikation "aktiver Schlaf' bzw. "Tiefschlaf oder ruhiger Schlaf' zogen wir folgende Kriterien heran: kindliche Körperbewegungen, Elektroenzephalogramm, Elektrookulogramm sowie das Elektromyogramm (Fig. 1) . Die Atmungskurven wurden mittels temperatursensitiver Sonden, die außen an den Nasenflügeln angebracht waren, aufgezeichnet. Die Entnahme der Blutproben bei den J. Perinat.Med. 6(1978) Kindern im aktiven bzw. fig. 2) , nous avons preleve des specimens sanguins a l'aide d'une canule maintenue dans une artere temporale superficielle et qui n'a pas paru troubler les sujets. Pendant le sommeil actif, le moyen a ete de 2 torr inferieur (p < ,01), le pH de 0,01 superieur (p <,05) et les pauses respiratoires plus frequentes (p < ,005) qu'en cours de sommeil calme (Tab. II). Des differences plus grandes de PaO 2 en sommeil ont pu etre observees chez les enfants avec des pauses respiratoires plus longues. La tension de dioxidq de caibone arteriel n'a pas ete affectee par Fetat de sommeil et s'est montree independante de la frequence ou de la duree des pauses respiratoires. Nous supposons que la baisse de PaO 2 associee au sommeü actif est le plus probablement le reflet d'une distribution alteree de Ventilation causee par une plus grande instabilite de la parois thoracique et par la perte du volume pulmonaire avec une admixture veineuse accrue resultante durant les pauses respiratoires plus frequentes pendant le sommeil actif en comparaison avec le sommeil calme. La difference moyenne de PaO 2 de 2 torr entre le sommeil actif et calme n'est pas grande et est probablement de peu d'importance physiologique dans ce groupe de sujets. Etant donne que toutes les valeurs de PaO 2 obtenues durant le sommeil actif ont ete superieures ä 45 torr, nous doutons que ces sujets courent un risque de depression hypoxique centrale du debit respiratoire durant le sommeü actif. Notre groupe de sujets se composant pour la plupart d'enfants prematures avec de legers troubles pulmonaires chroniques, nos resultats ne s'appliquentpasnecessairement ä des bebes normaux.
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